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LSST:	  sensor	  simulaFons	  
Goals:	  	  
•  ValidaFon	  of	  main	  sensor	  effects	  in	  PhoSim	  

–  Regular	  meeFngs	  (J.Peterson)
hNps://confluence.slac.stanford.edu/display/LSSTDESC/PhoSim+Telecons	  

–  Tree	  rings,	  edge	  effect	  (BNL	  –	  Nomerotski	  et	  al)	  
–  Brighter-‐FaNer	  effect	  (Duke	  –	  Walter	  et	  al)	  
–  WaiFng	  list	  of	  other	  effects	  

•  SimulaFons	  of	  lab	  setups,	  comparison	  to	  measurements	  
–  UC	  Davis	  LSST	  simulator	  in	  PhoSim	  (Tyson,	  Wei	  Cui	  et	  al)	  
–  BNL	  flats	  and	  spot	  projector	  
	  

•  Use	  tuned	  simulaFons	  to	  evaluate	  sensor	  effects	  on	  WL	  science	  
(spurious	  shear,	  chromaFc	  effects,	  correcFon	  algorithms	  etc)	  
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Star	  field	  

•  Generated	  41x41	  star	  
field	  using	  Phosim	  

•  Tree	  rings	  and	  
diffusion	  in	  Si	  are	  ON	  	  
– Period	  100	  pixels	  

•  OpFcs	  and	  
atmosphere	  are	  OFF	  
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Tree	  ring	  amplitude	  
Doping	  variaFon:	  sine	  
funcFon	  with	  period	  of	  
100	  pixels	  and	  
amplitude	  A+-‐dA	  
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Tree	  ring	  amplitude	  vs	  doping	  

•  Varied	  silicon	  doping	  
•  Fit	  sine	  amplitude	  to	  flats	  
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Astrometric	  shi`s	  
•  Use	  sExtractor	  to	  find	  stars,	  measure	  centroids	  
and	  second	  moments	  

•  Plot	  arrows:	  	  	  	  (x,y)simulated	  	  	  à	  	  (x,y)measured	  	  

Overlaid	  tree	  rings	  and	  stars	  Astrometric	  shi`s	  
6	  



Lateral	  E	  field	  in	  silicon	  

•  Elat	  =	  0	  in	  maxima	  and	  
minima	  of	  Neff	  
	  

•  Maximum	  Neff	  is	  
brighter,	  larger	  
posiFve	  fixed	  charge	  
aNracts	  hence	  shi`s	  
electrons	  
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EllipFcity	  
•  Focussing	  /
defocussing	  effects	  
of	  tree	  rings	  lead	  to	  
PSF	  oscillaFons	  
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ProjecFon	  plots	  in	  direcFon	  orthogonal	  to	  Tree	  rings	  

X,	  pixels	  

9	  OrientaFon	  of	  axes:	  along	  (green)	  and	  orthogonal	  (blue)	  to	  tree	  rings	  



PSF	  orientaFon	  vs	  PSF	  area	  
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Ellipse	  area,	  pix2	  

OrientaFon,	  deg	  



Astrometric	  shi`s	  vs	  tree	  ring	  
amplitude	  and	  color	  

•  IR	  is	  shi`ed	  less	  as	  expected	  
420	  nm	  
600	  nm	  
700	  nm	  
800	  nm	  
950	  nm	  
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DES	  astrometric	  shi`s	  

Our	  results	  are	  similar	  to	  DES	  but	  need	  further	  analysis	  to	  
compare	  properly	  
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⇡ 250µm), n-type (p-channel) CCDs, built by DALSA4 and Lawrence Berkley National Laboratory

(Holland et al. (2003)). The pixel size of the devices is 15 µm, with a plate scale of about 00027,

generating a field of view of 3 deg2.

Detailed descriptions of DES, DECam, and the testing and characterization process of the

CCDs can be found in refs. Abbot et al. (2005), Honscheid et al. (2005), and Estrada et al.

(2006), respectively.

2.1. Structures in flat-field images: “tree rings” (impurity gradients), edge

distortions, and “tape bumps” (lattice stresses)

Fig. 1.— Master dome flat images from two of the DECam CCDs in the g band. Each image is

normalized to 1, and the gray scale represents deviations of approximately ±1% from this value.

Lighter shades represent enhanced brightness (the black strip surrounding the CCD is a 15 pixels-

wide area, masked during the making of the master flats). The circular structures known as “tree

rings” can be seen in the first two images. The contrast di↵erence between the left and right sides

is due to gain di↵erences in the two readout amplifiers of the detector. The last image shows the

e↵ect of the distorted electric field at the edge (bright stripes) and that of the lattice stresses due

to double-sided tape (upper right corner).

Dome flats are taken daily as part of standard DES operations for the usual data reduction

and calibration process. The DES Data Management (Mohr et al. (2008)) pipelines then create
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ABSTRACT

Spurious electric fields transverse to the surface of thick, fully-depleted, high-

resistivity CCDs displace the photo-generated charges in the bulk of the detector, ef-

fectively modifying the pixel area and producing noticeable signals in astrometric and

photometric measurements. We use data from the science verification period of the

Dark Energy Survey (DES) to characterize these e↵ects in the Dark Energy Camera

(DECam) CCDs. The transverse fields mainly manifest as concentric rings (tree rings)

and bright stripes near the boundaries of the detectors (edge distortions) with relative

amplitudes of about 1% and 10% in the flat-field images, respectively. Their nature

as pixel size variations is confirmed by comparing their photometric and astrometric

signatures.

Using flat-field images from DECam, we derive templates in the five DES photo-

metric bands (grizY ) for the tree rings and the edge distortions as a function of their

position in each DECam detector. The templates are directly incorporated into the

derivation of photometric and astrometric solutions, helping to meet the DES photo-

metric and astrometric requirements.

1. Introduction

In the past decade, the development of thick, high-resistivity CCDs with high quantum e�-

ciency at long wavelengths (near infrared) has been encouraged by increasing scientific interest in

this part of the electromagnetic spectrum. This type of CCDs also o↵er other advantages over more

conventional and thin CCDs by reducing fringing at long wavelengths. Thus, thick, fully-depleted

CCDs have been chosen by several current and future astronomical surveys (e.g., the Dark Energy

Survey, DES1 and the Large Synoptic Survey Telescope, LSST2).

1

www.darkenergysurvey.org

2

www.lsst.org
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Fig. 5.— Tree-ring (upper panel) and edge-distortion (bottom panel) astrometric profiles as a

function of distance from the center of the rings and the left edge, respectively, for a particular

DECam device, and for each of the five DES photometric bands. The tree-ring and edge-distortion

signals were averaged in bins of 16 and 4 pixels, respectively. The average scaling factors (with

respect to the g band) for the tree-ring profiles of all DEcam CCDs are shown in the appendix

(Figure 8). The input images for the astrometric solution were divided by the dome-flat images.

The imprint on the residuals at the edge are partially hidden by the masking of 30 pixels at the

edges when calculating the astrometric solution.
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Fig. 6.— Profiles of the tree rings and the left edge at di↵erent bands from dome flats for one of

the DECam detectors. A region of 15 pixels within the edge is masked in the dome-flat images.

The tree-ring profiles (upper panel) di↵er from each other by scaling factors (g > r > i > z > Y )

at all distances from the center of the rings, whereas the profiles from the edge distortions (lower

panel) exhibit a more complex wavelength dependence. The average scaling factors (with respect

to the g band) for the tree-ring profiles of all DEcam CCDs are shown in the appendix (Figure 8).

Flats	  

Astrometric	  bias	  
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EllipFcity	  vs	  tree	  ring	  amplitude	  and	  color	  
•  IR	  has	  less	  dependence	  but	  

•  Not	  sure	  why	  it’s	  so	  large	  for	  small	  TR	  amplitude..	  
•  Not	  sure	  why	  950	  nm	  is	  higher	  than	  rest	  for	  small	  amplitude..	  

420	  nm	  
600	  nm	  
700	  nm	  
800	  nm	  
950	  nm	  
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CorrelaFon	  funcFon	  
•  First	  look	  at	  
correlaFon	  funcFon	  	  
–  Done	  using	  corr2	  
code	  by	  M.Jarvis	  

•  NegaFve	  correlaFon	  
between	  orthogonal	  
ellipFcies	  

•  PosiFve	  correlaFon	  
between	  aligned	  
ellipFciFes	  

•  Small	  area	  (400x400	  
pixels)	  

•  Need	  to	  expand	  for	  
larger	  areas	  

arcsec	  
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Summary	  
•  Started	  a	  program	  of	  validaFon	  of	  sensor	  
effects	  in	  Phosim	  

•  First	  look	  at	  tree	  rings	  in	  Phosim,	  its	  intensity	  
and	  color	  dependence	  
– Results	  make	  sense	  in	  general,	  interesFng	  effects	  
in	  ellipFciFes	  

	  
– Will	  add	  opFcs	  and	  atmospheric	  effects	  
– Will	  add	  other	  sensor	  effects	  (ex.	  BF	  effect)	  
– Started	  to	  look	  at	  correlaFon	  funcFons	  and	  
spurious	  shear	  due	  to	  sensor	  effects	  
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